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I - ABSTRACT

Planning in all areas under study has been completed.

Equipment set-up has been completed except in those areas where refine-
ment modifications are necessary.

Previous control production runs have been evaluated and the affected
areas of study have been finalized where possible. Additional studies are

or have been initiated to standardize the remaining areas of interest.



IT1.- PURPOSE

The purpose of this measure is to:

1. Direct efforts toward improving production technigues to improve
the reliability of the 2N1430 Germanium transistor using as an objective a
maximum operating failure rate of 0.05% per 1000 hours at a 90% confidence
level of 25°C.

2. Improve the areas of resistivity control, etch pit control,
uniform penetration in diffusion, depth control in alloying, spreading and
wetting in alloying, coilector attachment, surface passivation, final
preparation prior to sealing, gettering technique, and leak determination
in order to approach the above objegtive.

3. Provide information and data to demonstrate the results in the
areas of study.

4. Establish and maintain quality control measures to insure

accuracy and reliability of the established process techniques.



III. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued):

lelsl Resistivity Control - H. Sivik

Work on preparing germanium crystals with a tighter radial resis-
tivity gradient was completed in this quarter, as described below.
Also, a series of crystals grown to specified resistivity range

was submitted for a production run. Device results appear in

later sections of this report. A total of twenty-four (2L) crys.als
were prepared in this period. Largely due to excessive vibration
from an electric motor, four (L) crystals were excluded from Table I
having been rejected for strain and polycrystallinity. During the
third (3rd) quarterly period, significant improvements were demon-
strated in yield and the vertical resistivity gradient. Thus, the
contract commitments on resistivity were successfully accomplished
in the allotted time.

The effect of three (3) different size capillaries in the floating
crucible was investigated by growing eight (8) crystals., Data on
crystal numbers 1 thru 8 show no significant variation was obtained
in the radial and vertical resistivity gradients when using floating
erucibles having three (3) different size capillaries. This result
is interpreted to mean that the transfer of dopant from the inner

to the outer crucible is negligible under the operating conditions.

Several crystals were grown to observe the effect on angular seed
rotation and pull speed on the radial resistivity gradient. In
Table I, crystal numbers 9 thru 20 show that the radial resistivity
gradient is noticeably affected by the seed rotation rate. For
example, the five (5) crystals grown at 100 RPM exhibit a radial
gradient below 5 percent compared to crystals grown at 10, 20, or
50 RPM, which exhibit a radial gradient--generally--in excess of

S percent. The effect of 2 versus 3 inches per hour pull rate was
not distinquishable under the operating conditions. These results
were as anticipated. The relationship between pull rate, angular
speed of rotation and effective segregation coefficient was given
by the Burton-Prim=Slichter Formula#,

Kopr = ko/ Eko + (1-k,) exp (-v/vd)-J" Equation 1
where: v = £§

5 = thickness of layer in the liquid adjsoent to
solid-1iquid interface (extending .1 = ,00001 cm
depending on RPM)

£ = growth rate

vq = characteristic growth constant mostly dependent
on D (C'/ C,).

D = Diffusion constant in the liquid (Qutdiffusion from
the inner crucible to the outer crucible through
the capillary).

C! = Impurity concentration in the inzer crucible.
C, = Impurity concentration in the outer crucible.
In the case of k°<<1 (presently applied) Equation 1 may be simplified tos
Kype S Ky P £8/D : Bquation 2
# Reft "Transistor Techmology" - Vol I - Chap 5 - Van Nostrand Co., 1958
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I111. RELIABILITY I[MPROVEMLNT PROGRAM NARRATIVE (Continued):

l1.1.1

Resistivity Control! - H. Sivik

Equation 2 {s sensitive to higher pulling speeds (abcve 10 inches per
hour) but relstively insensitive to pulling speeds below 3 inches per
hour. At low rotational speed (~~10 RPM)8 assumes 0.1 to .0l values.
At higher rotational speeds (> 50 RPM) the C'>C, condition is easily
maintained since C' = C /kqo¢g * Co/ko exp f5/D and § decresses as ro-
tation increases; where C' = concentration of dopant in the {nner cru-
cible and C, * concentration of dopant in the outer crucible. Thus,
the increased agitation of the melt, resulting from the greater shear-
ing sction at the liquid-solid interface, has decreased the radial re-
sistivity gradient considerably by enhancing redistribution of impurity
in the body of the melc.

Conclusions:

Improvement in the radial resistivity gradient was demonstrated by use
of higher rotational speeds.

Effects of crystal pull speed and different size of capillary in the
inner crucible were found to be negligible on the radial resistivicy
under the furnace operating conditions.

Program for Next Quarter:

None, this portion of the program is essentially completed and will
be summarized in the final report.



111. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued):

1 1.2

Etch rit Control - H. Sivik

Several crystals with specified etch pit count and resistivity were
prepared sn¢ submittec for s production run as explsined in Section
l1.1.1. No difficulty was encountered in preparing these crystals
with the required 1,000 - 2,000 etch pits range, other than the
norwal mwinor mechanical troubles,

Three (1) crystals (Numbers 11, 12, 19 {n Table 1) made with the

1 or 1-1/8 inch torus hole show 20, 200, and 20 etch pits per cm®,
respectivelv. Such low dislocation Jdensities are not desired for
the 2N1430 device as was indicated in Section J.1.5% of a previous
report due to gpreading and alloying problems. However, these
crystals demonstrate the etch pit control attainable by u,e of the
torus in fulfillment of the goal of €200 etch pits per cm* in the
work statement of Supplemeat No. 2 of the technical-proposal.

Conclusion:

The ab{lity to prepare germanium crystals of desired dislocation
count was shown to be feasible and reprcducible.

Program for Next Quarter:

None, this portion of the program is essentially completed and
will be summarized in the final report.



III1. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)

1.1.3

Uniform Penetration i{n Diffusion - R. Colucci

Although the silicon-dioxide mask process appears to hold definite ad-
vantages in regard to cost and uniformity of electrical characteristics,
there were problems, discussed in the third quarterly report, which
made it impossible to incorporate the process in the pilot production
run. Bendix plans to continue this work beyond the present contract
until & workable production process is arrived at or the process is
definitely determined to be not feasible,




I1I. RELIABILITY IMPROVEMENT PROCRAM NARRATIVE (Continued)

I 1.1.4 Depth Contro! in Alloying - F. Arden

In Quarterly Report #2 it was indicated that as an {mprovement to the
depth control in alloying, the thickness of the dice would be regula-
ted statistically with the help of a control chart.

In the following Report #3, an evaluation of the effectiveness of the

technique was discussed, and the conclusfon was made that the results
had proved satisfactory.

Since then, the statistica! technique has been used exvlusively,
and the vields actributable the thickness of the dice have stayed
at a markedly high proportion.



——, ] W | Lowe

1I1. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)

1,1.5

Spreading and Wetting in Alloying - R. Colucci

As the depth control in alloying is slso affected, it will be
necessary in all cases to consider spresding and wetting in alloying
in conjunction with "1.1,4 Alloy Depth Control in Alloying" since
depth penetration and surface spreading are closely dependent on

one another.

See 1.1.4 for finalized production techniques and processes.



IXI. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)

1.1.6

Collector Attachment - R. Colucci

It can be concluded at this time that the collector attachment has
been finalized to the use of the ultrasonic mounting technique as
outlined in the first quarterly report. This technique has been
used in the Production Reliability Run and will be presented on
the finalized flow chart.



I1I. RELIABILITY IMPROVEMENT PROGRAM NARRATIVB (Continued)

l.1.7 Surface Passivation and Final Preparation Prior_to Sealing. - R. Colucci

- The present production techniques have been finalized. Qualicy
Control's "Lot Control System" shows that gain degradation of the
present product is t 5% after 1000 hours storage at 110°C and
¢+ 8% after 10,000 hours, indicating adequate surface passivation

contrel.



1II. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)
1.1.8 Gettering Technigues - R. Colucci

The production gettering technique has been finalized to the use of
an sctivated molecular sieve pellet. This technique has been used in

the Production Relisbility Run and will be presented on the finalized
flow chart. :



JRr v— PN

1.1.9 Leak Determination - E. Yurowski

The mass spectrometer helium leak detection study was concluded as des-
cribed in Report No. 3. The results of the helium leak detection study
have been incorporated as part of normal productioo on the 2N1430 tran-~
sistor and its related generic types. The test procedure as it is now
applied includes helium leak testing to a limit of 1.0 x 10-10 ged cc
He/sec, preconditioned by backfilling at 100 psi{ for four_ (4) hours.
Cross leakers, i.e., leak rates of greater than 1.0 x 1077 gtd cc He/sec.
are withdrawn during subsequent testing by the Detergent Bomb Hermetic
Seal Test performed at 100 psi for cthirty (30) mioutes.

o e
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MIL-$-19500/
(PROPOSED)
MILITARY SPECIFICATION
TRANSISTOR, PNP, GERMANIUM
TYPE 2N1410
1. SCOPE

1.1 Scope. This specification covers the detail requirements for a Germanium Diffused
Alloy PNP switching transistor with the following characteristics at Tj = 25°C.

1.2 Absolute Maximum Ratings.

Q1 (2)
SYMBOL P, Yaverage Py Tore T, Wego  Bego Lo Iy
UNIT W W °¢c °c v v A A
MAX. 70 800 (peak) -65 to 110 -120 -100  -10  £1.5

30 (avg) 110

1. For steady state conditions with forward bias

f--{1_V derate 1.2°C/W for case temperatures 25°C.

E EB

2. Peak and average gower in switching applications derate 1.2°C/W for case
temperatures ) 74 C. See Pigure 3 for safe operating power dissipation area.

P = ‘ IC VCB

1.3 Primary Electrical Characteristics.

SYMBOL h ' v t t
*E CE(S) BE(S) r ts £
TTLONS 1 +104A; a. 9 SIS 3. 1 ®-1A s. s
COND GC -fzv IC IOA,IB 1A IC IOA,IB 1 IC 5A VCC 80V
CE
UNIT -~ v v PS P’ P.
MIN. 20 aecee acaaaa “-ee- ceea S,
MAX , 60 -0.4 -0.9 7.0 3.0 5.0

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on invitation to bids form a part
of this specification:

Specifications:
Military: MIL-5-19500 Transistors, General Specification for

Standards: MIL~-STD-105 Sampling Procedures and Tables for Inpsection by Attributes
and Appendix, Sampling for Expensive Testing by Attributes

MILxSTD-202 Test Methods for Electronics and Electrical Cowmponent Parts
MIL-STD-750 Test Methods for Semiconductor Devices

3. REQUIREMENTS

3.1 Requirements: Requirements shall be in accordance with Specification MIL-8-19500,



MIL-5-19500

and as specified herein.

3.2

Abbreviations and symbols. The abbreviations and symbols used herein are

defined in Specification MiL-5-29500 and as follows:

3¢3

3ok
3¢5
3.6

347

k.o
u.l

b2
4.3
bok

“05

hFE 3tatic Forward Current, Transfer Ratio
VCE(sat) Zollector 3aturation Voltage

°J—C Thermal Resistance, Junction to Case

ICEC Coliector to Emitter Cutoff Current, Base Open
ICBO Collector Cutoff Current

IEBO cnitter Cutoff Current

ICER Collector to Zmitter Cutoff Current, Resistance return from

base to emitter )

ICES Collector Cutoff Current, Base Shorted

tr Pulse Rise Time

tf Pulse Fall Time
ts Storage Time

Design and Construction. Transistors shall be of the design, construction and
physical dimensions specified on Figure 1. '

Lead Arrangement. The lead arrangement shall be as indicated on Figure 1,

Operating Position, Transistors shall operate in any positicn.

Performance Characteristics. Performance characteristics shall be as specified
in Tables I, II.

Marking. In addition to the marking specified in Specification MIL-5-19500
transistors shall be marked with the appropriate type designations and U. S.
Army prefix after qualification has been obtained, and with the qualification
code and manufacturer's identification.

QUALITY ASSURANCE PROVISIONS

Sampling and Inspection, Sampling and inspéction shall be in accordance with
specification MIL-S-19500 and as specified herein.

Qualification Inspection. Jualification inspection shall consist of the examinations
and tests specified in Tables I and II.

Inspection Conditions. Inspection shall consist of the examinations and tests
gspecified in Tables I and II,

Group A Inspection. Group A inspection shall consist of the examinations and tests
specified in Table I.

Group B Inspection. Group B inspection shall consist of the examinations and tests
specified in Table II.
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L,6 Disposition of sample units. Sample units which have been subjected to and have
passed Group B inspection may be delivered on the contract or order, provided that,
after Group B inspection is terminated, these sample units are subjected to and pasa
Group A inspection.

4,6,1 LIFE TESTS. Life tests shall be performed on sample units which have been sub-
jected to and have passed Group A inspection.

L,6.,2 1000 Hours Life Tests.
(a) 1000 hours life tests shall be in effect initially and shall continue
in effect until the 2ligibility criteria for reduced hours life test

have been met.

(b) The measurements listed under end points in Table II shall be made
at O hours, 340 + 72 - 24 hours, 670 + 72 - 24 hours, and 1000 + 72
=24 hours. Additional readings may be taken at the discretion of the
manufacturer.

(¢c) Sample units shall meet the criteria specified in Table II.

If a life test sample fails either the 340 or 670 hour acceptance criteria for
storage life or operation life, the lot shall be rejected. The tests may be terminated
at the discretion of the manufacturer. However, the results of either of these tests
shall not be used at a future date for acceptance of the same lot.

L,6.3 Reduced hours life tests, (670 or 340 hours) To qualify for reduced hours life
tests, the following criteria shall be met:

(a) The immediately preceding 5 lots have been accepted.

(b) The average per cent defective over the preceding five lots at full
test time has not excreded 0.2 of A,

(c) There has been no unusual discontinuity in production in the immediately
preceding 5 lots,

L,6.4 After establishing eligibility, production lots shall be released for shipment at
670 hours or 340 hours, provided the life test sample has not exhibited more than the
allowable number of failures,

L,6.,5 The manufacturer shall establish eligibility for 670 hours first, thence he shall
meet the criteria of a, b and ¢ of 4.6.% at 670-hour release to qualify for 34O-hour
release, Lots which are accepted under early shipment may be shipped. However, the

life test shall continue through the full 1000 hours. The manufacturer shall lose eligibil
ity for 670-hour or 340-hour release whenever two of five consecutive lots have failed

the life test or the percentage defective over the preceding five lots exceeds O.4 of X

at full time. Loss of eligibility for 670-hour release shall result in institution of

1000 hour release., Loss of eligibility for 3L4O-hour release shall result in institution

of 670-hour release.

4L,6,6 Resubmitted lots. Lots, from which defectives have been screened out or reworked
and which are resubmitted for acceptance inspection, shall contain only devices which were
in the original lot. Resubmitted lots shall be kept separate from new lots and shall be
clearly identified as resubmitted lots. Resubmitted lots shall be inspected for all
characteristics, using tightened inspection, only for the characteristics failed. Lots
may be resubmitted a maximum of two times. At the discretion of the Government, testing
of characteristics which are not affected by the screening process may be omitted for
resubmitted lots.
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L,7 Rise and fall time. Rise and fall time measurements shall be made using the
circuit of Figure/ .

S5« PREPARATION FOR DELIVERY
5.1 Preparation for delivery shall be in accordance with Specification MIL-S-19500,
6. NOTES

6.1 Notes. In addition to the notes specified herein, the notes specified in Speci-
fication MIL-5-19500 are applicable to this specification.

NOTICE: When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have formulated,

furnished or in any way supplied the said drawings, specifications, or other data is
not to be regarded by implication or otherwise as in any manner licensing the holder

or any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be related thereto.
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:¥ - APPENDIX I

ACIUSTICN PUN

Ao Teneral

A sroduction run of 2000 units was made thr-ughout wi.':* all of the changes
ani imprcvemeuls 11 grocesses and in conlr T recomnenusd as m cesult of this
program were carefully Iucorporated.

The Jdistribuzi s o several cri..o~ ! gerume' o were ostained iurin: srocessing,
namely at Moun! lien<. Later on, zffer tr= ftr.nsistors were age”, 77 units, raui-
domly selected, were tested for all of the sar.nst.rs listel in the new specification,
and the respective cistrihuticns were piott i, Note *uat 31l of the ‘ndicated minima
and maxima are in accordaice #itn thne tishtensd ssecification 2NLL 0, as submitted
in uarterly Hewsort 2. Finaily, the entire run was tested on & go no-go basis to

the improved 114 C specification.

B. Processing Distributions

a) The following distributions are illustrated, at the Mount Iesting point:
1.- Collector Leakage Current (I-pp) \Fig. 1~ i\

2.- Base Current (Ip) |Fig. I -
£

)

3,- Collector-to-cmitter Voltage (BVozg) LFig. 1- %
b) Discussion of the Distributions

l.- The collector leakage current at VCB= Volts shows a very well
behaved pattern and & small standard deviation. This indicates a good contirol on
resistivity., The achieved average is better than the objective,

2.~ The base current histogram shows a distribution slight skewed to the
right, but otherwise satisfactory. The target for the standard deviation was essen-
tially met, while the average is somewhat short of the goal. This 1s not of major
consejuence since the IR tends to become larger during the aging process.

3,- The collector-to-emitter voltage aspears to have a distribution
slightly skewed to the left. The average achieved is far in excess of the objective.
This is so because the original target was established on the basis of the old speci-
fication [Icao at 40 V with maximum IC = .lA] . later on the tightened swpecification
was proposed in which BVCEO at .1A with minimum 10CV had to be met. This requires a
much higher BVQER.

2. Raw (Unscreened) After-Aging Distributions

a) The following distributions are presented

1.- Collector Cutoff Current (IZBG, VCB = 2V) {_F,ib I - @

2.- Collector Sutoff Current (IC3G, VCB = 120V) (Fig. I - 9)

3.- Collector Cutoff Current (IcBo» High_Tempcrature) |Fige I - 6]
L.- Collector Cutoff Current (Iggs) [Fig. I - 2

5.~ Base Current (VCE = 2V, Ig=104) Fig. I - §



f,- DRase Turrent (VCE=2V, Ic= 54) @33. I- %

7.~ Collector Jaturation Voltage (VCE (8)) |Fig. I - 19

%,- 3aturstion Voltage (Vg (8) ) [(Fig. I - 11 )

9.- Collector mmitter Breakdown (BVCEO, Full save) LFi(. I - lé
10.- Collector zmitter Breakdown (RVCgQs Inductive Sweep) (Fig. I - lz
11, mitter ‘o Base Breakdown (3VBO) Fig. T -1
12.- Rise Time Fig. I - 15
i%.~ Fall Time igs I -1
14,- Ztorage Time [Fig. I - 17

15.- Thermal Resistance @ig. I.- la

b) Discussicn of the Distributions

it is to be emphasized here that all the minimum and miximum limits
slotted are bused on the tithtened newly proposed 2N1430 specification.

l.- Fig. I - 4 shows an extremely well behaved distribution well withinm
the mavimum specified. f

-~

.~ Fig. I

S shows a slightly skewed distribution, well within the
maximum.

7

Z.- Fig. I A illustrutes a very well behaved distribution far under the

maximum limit.

b,- Fig. I - 7 indicates a skewed distribution, however it is well removed
from the maximum,

5.- Fig. I - 8 is generully well behaved with a slight skewness. About
91% of the product is within the mimimum and maximum limits.

5.~ Fig. I - 9 shows 5 dist.ibutiom similar to Fig., I - 8, except that here
96% of the product mests the specification.

7.- Fig. I - 10 appears to exhibit a double distribution. Even so, better
than 93% of tre populstion is within specification.

S.- Fig. I - 11 is a very sharp distribution where 96% of the product meets
the specification.

J.- Fig. I - 12 is a well behaved distribution where 94¥ is within the old
specification anc 82% within the tightened specification.

10,- Fig. I - 13 is a share distribution with about 75% of the product
meeting the specification,

11.- Fig. I - 14 is slightly sicewed to the right, however the distributiom
is far removed from the minimum specified.

12,- 13.- 1l4.- Fig. I - 15, 16 and 17 are extremely well behaved and very
comfortably within specifications.

15.- Fig. I - 18 is well behaved, but not quite sharp enough. Eighty-nine
per cent meets specification.

In general, this production run has shown very satisfactory results.

CAUTION: If one were to calculate an overall yield on the basis of the above indi-
cated percentages, one would obtain a very pessimistic yield, rather than a realistic oame.



This is due to the fact ti .t in muny cases one unit showing a characteristic outside
of specification on one puarameter nften will be out of specificution on other
warumeters as well, &5 that t is one unit reduces the yield on every parameter,
rather than just be ccunted only once as a defective unit.

D. Yield

The units were screened first to the old 2N143C specification. Jubsequently they
were recombined and scresned sgain, this time to the tightened 2N1LZC specification.
The results are shown below.

YIZLD
Before Proposed, based on old Achieved on the basis of
inception 2N1430
of program R ficats old 281430 Tightened
3pecification . . . 2N1h
Seecification speci}izgtion
Element 5 G
ent 82% 95% 8% be%
- Mount 90% 95% 93% 93%
‘ Test
Finished 50% 75% 81% 70%
Product
Overall 38% 6£8% 67% 58%




s | Ll S IEENE=CEREREERE RRISass
Y7 g »yr| e
e e a A o .
!
—_— | m Q0 'Ok . O9% QL. 09 QS .
AU B . S D | R
: ' M | 1 .
ﬂ u | | e
S i e i S SRR »
! ¢ -
! 4 ! R SR R | ! A . o
m . w _“ ...... :,..x.w.vu._il} : .\
: “ “ SSESEEE SENPE pijas
..... H Ty T i T SR S Y A OO O U ORI SNPU  0
! T i . R SRt 3 m\;.fs
: ; . . Sl R R~
“ M S A ST S cH
. . N . . B .o -4 . e e s . w.aéc‘ 14111‘1H|*.
: v's ywWsi | b w S ERP RSO D ibtsgtis s 55w
: : : ! R , . R S NS NSRRI (v I0
| VLS T yrNYT ox T T T T T T A W
” P Q3AZHOY | Wwdoyd | A D _ ;
w SPNRLTICIA ST S N N !
: , i NOW4dIN( o “ !
Ce S ! - -
| ! L IALDILI0 g “
. : “ R
TEAZEEI @ 093] : “ .
: m ! WVI9g S4YD TYNOLS
: “ S . 143y LNAOW
i ! ! s '
M | R 4 m R RS
i ' i N . b~ .
| “ " _ m . ”..Ho,nj,.,zww
[ ! . l ' _! v : | I . o t




€95 ¥ad

. . . Sy

03!  S$91 08 wﬁ ot £0! ob . SL 0% . Gh o LIl
- ;
[
|

- - . [ f o e e

e
.

———— - -
|
e
4. ANLYN3Y |

B

gahe yw 7€ L 0 T e e A D

|
i
..3{7L>N3?ba!

Y 03] T TS

A
NAVnLOV 43
NoO1L4dIDONY
1Y
JAILDILE0. .. e s

i

i

- - +
AIHDY WY HOOWd ”
m

]

¥

{

|

4
t
t
i
|
!
S

d«.(m-u.& Sl . S ,
CPAZTERA D 9] |  WoRs sewor waais Do

e e m— e s . e e —— ————

'
'
f
.
‘
.
f
f
-
'
'
'
]
-
f
i
1
.
.

- ; i S I
“ ©1831 LNOOW

M I o T“;v.,m.MmHMjawwmhwmewuw
M “ | m oenl NZI . | SRR
. S | I SR S




[
[
+
.

-4 o
i
!
1
i
i

; w_
D T RPN S ST IO

RS T e R walil S S

mush(_ - N e -

A R

_~ ...... - 4 1. - t

; .

AT

m ..........

- N 1

Foooo Lo .

R _, . " .

i ) | E S 1 D IO SN Tt e A S T

- . ' _ 7 m > - e e e e . .- e e . PR RIS BEEE SR SR I R R e e I S
:,.H..m-,thw 7mﬁr Lo NI X e L T T T T

_..........._Qm7u_1u< RV R -1l - O S
ANVYALOY L - P Lo I ER
LI NN

[P
¢
‘
|
!
|
f

........ _ .
- —r — a—_— - 4= . - - L JPURE AU U S - + _\_,\Fb

FTIT : INLOISHO , D (i PSRV | R

. P ' - . - P I R
..... ' H P

..... . T L [ g S

X
s
SN O |
1
.
'
—
1

+
o

€
s
ﬁ
@
Lok
e
>
28]
25
Iy
1

o
B
Vi
18]
1|
L9
+ s

.- - . - - e .- e e . & . 4 .y
T T T S S S L e e .“...,f-t-‘....q_lv.w
e e e S L o o mif yir?.,.f»:«*.Af_a.»‘r"
.......... S e L e B NS e = [N o e _
e s e . - e . . . PR . . c e bt -t - ; 1 +—+ +




N T S R R .FH;L.;-L\
—. i - P T - . e . ! 4
frm%mcxu : o - R
g c . + —— . . + i
beov e - s -&— PR S S B e EE
Y . R - e .- N HE - .. . PO
N - A - S RN o M ) 4§ .sn.gd NI ) BN | =]
PR .o . . e - . [ LI B pa o dd da +..‘4”?v+
I AP SR RN SDLEE DS DI ) S L)
s - - . . R - . P . .. Fa—
i e s : — =
. .M«<A< oo IR s I S S 4
. . Lo . D I DD DO DA TR AR I
N . PR . w..... . .”w. . P - by + e 4o 1ok +—
+ y . t T + T —
bes « o - . - - b - . .- + . . A [P R N —
- . . PN - . b . P— 4 . - . W e e .- . . [P 4 . .. 4ot p b fm e R
[ e . - N PR - 4. B I SR LR i PR N -
s R . [ N - B I e
: - e B e by : A 1
e - 1 S B IR B A TR e B AU ST N S I
PR - e e e e . ' SRR T DU (RSSO S RO S S |
L. . = P ._...T DO U S ;$*rwa,T4‘," |
4 3 i LI 1
= . : D DR D N S S S .
) S e . - N - t .*..,. o e . .. R 4 4 oy —
Ee - ,bw..““rﬁ.. LI I JH._M,- RSN ISR SRS SRR AR A I ]
{ - ] , . . : . A I A
m. H | . . . P S E U G AR A
—— . . - .- . P P - % . e - - - R = -— P S A
- |+ SO I AU J ADEPUNEN I ISP INRDRRY RN RIS i
B N U N NEDREEE (U U RS S I S ]
SGRU W, e e e E - - [ : i
I I ARV LS T . I U IV I
- . - . . . + . e - N .“‘v<0 [P D
: e A A e T R R R R R Ers (1T
: ECIPARE B ® B9 01 | FURSE PR RRRRE P M ey .
L . . . ...¢¢..‘. . C e b e s + . . ! Y .+4<..o -
I T e e it S . - - - :
Loe - . - . A e e e e e . . . e e e . e e . . S
L. o. . Lo . .- . | - n
.. ..} ... N . . . d . - H - ]
o e AR I IR LT3 S4E0D TYNRIS ,
: L ' | ; T
bo- - .- I - .
BRSO NS © . NOULNECISAT YW ONIDY AL )
- F e S e e . . . ’ . 3 .
[ . i m [ W 1 )
- . .,..' :‘..*..u - .*‘qq' A.¢.¢‘.‘
i




- ——r T TTT
R R T. Seprey T
R S IR R T
D >/ ) I DR S Mg
IS R - S B B §
....... . . . el o 71 -4
. i 44y R : e+
| | gl =
. — e P
b + : — r—
“ H . ! BN R o - -
:a . . . - leJ - R o |
-y . . . Aﬁ XT. - ILL»+¢4¥J|1
S ; . | 3 N ST PR S
R . i . - o : Il ;
m ' . { . . i - R S
. f | . i ) f E B e
_‘ o | i * i . P 4. S e
. : ; . ! . . 4 }
U S, - e +— —_ 1;!0‘% e e —— | ~ n ] mwl
m ; | ; _ . _ . ; 1 =]
h, \ ) \ . F . | . »“!11
. h . . . . i | - o
EHE - - T R i PO c - -
_ , ! _ : “ i RS BT SRS | %‘l
. . X . x| L o B N I o
. i . » ~ ; e N .
L. R e e = o = R 4X o o M L. i — :
; “ x g H S B
. ' nm | w . [ S Y e
.” _ ) 1 R e e
: ; . 1ol
. . . ub
H ¢ ——— -
_Y-. - - - . —— -

S
A
A

|

]

o

e s o

- . i
Fo- - B

. .

Fa. + -

Spyuwr il =D
JP YU €01 =X

q
PO
e s

. PR
oy .
PR
Lo o]
: i
+

4 et 14

T
(I 4
B S

PR SN U S

M




- -~ — h T
' B A T
|- [
~n,m. i.m ~
i
¢ -
: : R
— + ; T
| N Y
. ¥
) R
, i
i . i H
' . : + f : T
—— N WS . s : 3 O 4
' ' } f . T IS A 1 SRS T L S N R -
_ . . ; ; N b e SR gTE e e i
B : . N PR PR . . H [ - E R SN S ..“n. 1L.|rl.l..1v —
: z kg P I A SN0 A SIS RGN N M S oUgp i .|
. - - [ LR R Rl Sl bl + 4+ —t
. . . » .-y ce e P . [ - - . 4444 B e R = 4
. ' »” - - - A IR A d 1t A Bl T ~
. i . = -t ' - tor - IR Lrw BRI e ] :
f i i
...... y i w e . i . [ g vttt L
— B e o e - — + - ’ —t e hd 0
' ' w m..‘o i [ R } e l»OLHth»..MMlLl -
! i ' - . N i | .- .} w, [ GONEE . -+ &.lTT,IT.!L - 1
~ L. . M:, |- - .* \ b *el‘!‘ri»..y.vjxvmlwl
L L T PR - -5 . - .40t. - 3 [ R B PUSFURETE Y Wt SR -
S - P RSSERAAS SES AR SEEAH i == T
ST : R “
i . . m. . . . : -
,ﬁ - &.* e o o S 1 v
+ ﬂ( w i ot - - fl - 4+ ’_

_F»J

—+ + T + -

S ..“”.,“.”w”
Tl e T B T

| ) 1
P o L 3 {7..1?” Phaffiui | ...
.m. [ St : .«qi + “ __M I.
+
f i
4

L N}
.

L 4 _ ] l — o ....J.‘ .......my...v. ) e T -
: pvm@.l@ oIl * S R s Sebt EEEH =g indsd o M
IR R REEEEE SRR IR o L ) RS IR IS ]

P o b J“\
. - f - R I s BRI e o +
- - - - - 4 e - e L —_— ; { H
| ¥ Ty H N 1
...... ¥ - e . b e . B R T ) RS e SOVINES U SRS S S 1
: . WIS | SEE0D D YN LT T T T o 1 !

1.

-

13
Aot
|

T

.

DD i NGANGINESIO v IS NRAY] T T T e

I .«* — - s - it -
R FOE R xxwﬂcv.r;” .N”-.ﬁwuﬁ},ﬁwuﬂnulim.t
o o )

Lo 17

R R e IR i T

L
+
.
1
[
L
P
——
[
o
+ r
+
.I.t
bad-
o=

-

_L ? X
,__._;.1

R . R A




- —t—r — T .lm
1 . ; . .-h ek - ..Tw
Hrﬂm R R R A o g |
SEEsiS SRS SEESSE o : i
‘a%u«mv ] RS REER AR B Al o
T T i N .. R ) : -
I TTI T H - . _. ;
- .»Hl!.!;~‘ A_\ a— H . ' O;Um ﬂ “J.
. x e e - i - T R T - oo : iR
- ‘ , j RN
- - I S P S 1.4
B | [
f_. Ll : RTINS ) m . st
I‘ll:o..f'l‘ll;i;l.f,$.4|. ! o N RO R S - ..'1.;‘..
= N . ) : . R e e
: : . w . ) . H ) : “ : B o Rt e SIS T T S 8 - ”.-VM—J AA T |A
- ‘- : . i I!J'. NS . T —p———r T L 1 T *
- 1T i , - B e s ,-v‘w:wwlxlﬁ, -
||||||| - - e 4 - lrlT~ — - - ] -
. - * .“ ......... NN : y.wqb.“M,+6n' ,.i«.ﬁn‘ix‘ ﬁt|«.‘x1o ‘xT
L. - C m : i 4 . S : s -
..... : . : ; : ; N U N H S A 4 4 ]
e . —— - R _ﬁ ,,,,, “ ..... S . M.aw.v bi&ﬂ - .Lv.._*%.!,lx,pu.(i;TLL o
| a - i SN I S B S IS S S0 D 5 ) St § S
EEERREEREY o ] RN DR SRS SOREE FS SOSES Phess witt S K4 § EECER1 - B8
! 3 H ' < - ‘ - - ! R - _ _ o -
e ; ; — ; X< 1" ! N B D D ISV D A ml
- | B ., , I N S ..H_‘+1++L‘TT1. o 1 .
T e . A - S RS e paotn s pReed R L
” : m “ ., w . FR 1 .IAW.. R i )*.,rk 4,l||T+L|‘ -_;riu . ) -h_
S . X T T T T T T T T ST sctaaat tot ] SRRNRE T 51
; . : ‘ . A EEERS EERERE R RSTEERaREE e 5 SEEE wﬁr
. - 4 - 4 - T - T R B T
[ . - * ” — . [ R e - ,IW.H ..174/\.«"_ ud.
M ‘ : . : ! G i P T o - wo. + 3 4 | i1 o - ,.4.5« -t ﬁ| P -
T I ) Jm«.e, oTED o P ! SR Eohap ane S SDUEE N
. . R T , RER Sa vl it A1 8 RERNG EERSS
. . 3 M i
. . w \vm c,?.N_nx P : N e o )
: : R o o s . LTI T N PO TEPNR o PRSNIDETES B T R e
.ﬁ L e S A - ;TL;I%E:?;itr-fw
L c . . . t : cb e R SR ..“f;,vvoa‘?i&,). o R A Sl e
T A.MO dWﬂx : * t ) e e e d e e e P . S pe e e . 4+ +4r S1C c
K - —— . . R T H
Tllll ; . v . i Ll RN A P - v e s 4 . e p]
,,,,, -.mq @ wmuH. e SESERY ERERN E i1 S SERRS RERTS
M.. .V;QN > SRR EERE AR EREE EER R RS SRS S SE et S Enlid penes
b i D S SR S T I IR A -+i}..;+_|.r+o|
R Y D G . O RIS A I I
H . e [ — — - - SR B Mx.)r»4:+.w|+l,
i - R R iwmm.ommﬁ.izﬂm. SESEE Pobtt ERESs Futid un e
..... o o o : o ’ T . B . ERE T * : . VIF
P Co ol INGILAGIMISIT MYY DY
“H..“. “............ﬂ......;H.L...........Z_ ,
I RS S o ST ....,..,‘-”..,.T.O}M.. 7
RIS I I I S A Soonrovenr NG :
m‘r.. ..... R o . e e e e [ S, P — et




i 11 ! i

_ T _ ;

H R o e f -+
-y I 4

: L i

VN

4T

. L

1

e

e

}.
-

,, h e
= N -+ i
. - - =t
= S SR + 1
| - : T i
. - + - “ ) ; i
I A B I : ) : e !
Iy e IR S CLol . 1 I I
DU AN SN R SR C . — - L A
i 1 X 1T T H
P AU AN SN NN . = A ]
It ISV Al o BN TIT ik M o ]
- - PR . SRSUUI P J
ol DUREE SRS RN : - B N buktnn £
4 : , . N R — - . ot . = le»?ﬁ = | v.lll
+ : 1 - e e : —t - 1 s : 4
R - SYNETEFINIGIE W, P S . P . . ey - e . . - . [ S :
I S IS RN I N DO oL
[P P .oy q PO H e e e . 5 . . PR I.Il
- A . - J— I I = ]
- -1 - - . v - - e . .. - B - L -
- bo- - - -y M > . . - - - . + 4 | ]
Dol Sl o > ool i ]
1. e I X MR f n
e ,:‘L‘.-. . = . L . T T m |
a1 R o X . o I . : -
B ..;w-i cr fa .. o1 . .. 4
D * i o ]
T . .+.¢. * =] - . . N N . TR _, g
. Ch e - m - .. - R L i %l
r.t,u_,fu“” ’ o ~ i . T
IR LG 2 R = o MRS
St | m SEERSe
‘.Q‘H Myuy I. <E og . 'Ax - q . Poe - . + boeede 3 rir‘r!.r.#lx
. . 0 . > P . - [P S WS S N T
DR LT . . o e ot S I
R . T DR T H
W4ﬁw -UH“.. H PN 4 e - . — + « -9 e +
AR 1= T : : .4. roe o . e — 4 . o e - .«Iw
SRS Bl L o il I - I A
P T . ; - BRENR
PN ZE N D 9] ; IVITEEST SAHDY: 1YNDIS ' T
. Y & WA, o o0l Pl R
.« . - . P ,

-4

—

“

N

Lot~

B

s
i
T

4

+rddet s

L

44




T It M T T T T T T T T T
+ - u*i'l* et R o #n; 1-0 o+ 1
- Loa o - - L., P L +
B [ +
[ S T P a ¢
i 4 ! ]
B e i+ .. i i :
(SYRSIZ L ISTY s M B
.4 . - Ve e Ce e 4 | I 3
: $ PSE T
T DA 1
SR - - + - L I R il
P . . . ~‘ B L = o RS
s . v 4 f -t R bgop id
. . 4. ' [ DR SR W .
- : N s
R Sy 1. v . ; - B Iafw‘»lqlrt.ﬂl._l
3 N - 4 . H . - TR TRTUN B
4 e d Aq- ' S Y RISV N S S
3 - e -1 .- . [ § SRR A S
. I - : | ol
e T T s o T FRCANIR B B
L e . . e N N . R SR PP DU SN S A i N AR I & o
. e e b R [ Jde= o - e e LR [N P IR j_— R NP N g S
A - # D Y i S O 4 DU EOY DR SN DS U I SR O S
e I ) S e i o i e et i : T s
.- -~ fe- . .. F e . Tt - "wm. PR . . e - . P . P PO S - olLO.,t;yx!<.“J«l.
R . . M-yt» Y e - D O I D I DR SR VP B S 4 B
e peee . PO . B e N R FR S S SR . J O A A U . Ly e
LTI SEREIE I 7, S TR IR EDANIE SNnsitl IR Shaenty KN IDUM DD MRS AN NS Rpit AL B o
. < - H . Y, U .
T L A o T [ ADSDUDUDEY IDEURREES ER Y DY DR SN UDAN NN SDRN IR I A i~ I
RSO B . SO B |- S S R S I S R i Ak B B -t
. .. —t e e ' PN - - PR . O, B Y e . e S N & o +—
. . PO S - - - PR - e . -y . . .4,'.. ..+. - UV U RIS IE SN (PPN Y ]
' ' i m. i } ™m-
e e st il lints mantentieabh i bl B il adadi] 8 - B Rt e St Amtadin o T + +
e i . ; . o .. . - G AN DU UM SRR R N B~
e VoA - b . + . . [ . - ' .A.{vl - b e . - - PR [ o N
. . . f oo e . e RN = B M .,..H L
t ] . ' - ) S - - . PN e - . e e e 4 4‘|w
W,4 w " — U‘ + . OC. .Q.
5 P b . . b- I ,.4741..i..40‘0‘!4 - J,..ﬂ&.q oN-
. I B I R S i S ﬁn..[
. . - .- - ' — . b - . - e — B T
. v ; - e N R R U S R,
-4 ——— R i e L A : 4 —
. . v - - i - . . . .. . . - + . w -
{ . v - ’ R 4+ - . [N S P, U
» + } } Y + P B R [
D A , . DINEE D ENDE S I N
+ + + - . - et
TN T . N SN PR . PR ) P PR -+ e et
’ F T T “ - . .*.A - . . o 41.»{T.w bt w4
Vo - 0 - - P . IR . 4. [ l.wlnTs{r
B T B e il e SRS e R S e L
...... ,.M - . O P vt 4 L4 ¢
‘. . . . . P . Ch . e for 4= 4 B ¢ § i
DT 2Ede ] 000 INNDIS P S DOREE RIS S NS R
+ . .- e e e Vo B . P e [ e ot B ]
. : ; ; N [ 2 [ . HETE i I
T : . — - . : 4.,4.4 - w‘r
. F R [ B ) . . 0 U U IR U A E X N
SSSSSREEH BERBSE U NOILORWASTA MY WDV [walaY | ey
.- . B D o N T A [P B PRI A S ;
R ' M N - T N I IH.NE:j— _ 4‘ J
T s e e e IR TR eE B . | et SRR S R G b e e e IR P : + t
I DD S 1 T TR NS T T; TR TR
- . . . 4 “ e - RN BRI o PRI - . '_,..‘. (RN 0 Y I U USO8 i »
- [ ' - . O R P O N A Bl T 0 —
- . - + . . <. [RERS .~ e e — [ R = ARl + - .. - fh+|7 bk d i § 4 } } m
i N . i | . . N N N . 5 s i i 4 L :
E_ 3 ——— — —_—



lm
L
I
-
;
t
]
|
—+ : .
<t e et
. AN N N
. I NS !
+ A —t
1 U I RN NG B
X R s i A
........ . . o R SO ..%.'ax?::T,TWJL iy
............ I Sy .- . B B e I e |
........ - . B N . P RSN SRR SN RIS SRR TR It " b
- \ . - . P - . PR . e ' P PN JIE ERUOUT B 1 -t
. : . SRS ik S ot
1 : 1! | iy '
. . .- .- e - . e e - g *.4.| EOs TN F RS S } RSN -
d A“y ] i1 )
....... . . -4 . DR IR (A S e 4 t -+ + et i
- - .. . B P . . . * oL PR T RS DU 4. . o ft m Jl‘,rlrlv -
- “ . f . . .- - .. -— e P - .} } ot~ Y I S et L + |TxTAM.M : !
N T (SR 3 B et S 5 i by Lt - Wr]
f + . PR BN . . . Rt - {- [N SRR [ R R e R — "“1. ’
<<<<< . - IR R A < RN T TE IR T DI SRR S oy - 4 b e
. H ' .. . ee S N R T N b g SR U ; P I S TG
I 5 . e P PRIV S S B - ! W 4+ o= -
fom Mt o ; i i rH— 1t
. . . . R | -y . + IR PN i § N
. [ S . I SIS SRV NN ) I RS L I ]
PO . . t T N f Ve, . n [ RS ST TR QD § U R 4 -
- . - ‘ O ‘ . | RN S - . s R T e o st et: 3 e t
g em e e em e e .- - JE O —_— —— -} - ' T 4 :
- . ] i - - - - - i . . - S . r;”f 4
. - . . . 4 Mo P ) B . s .+<.‘,‘.4.._ -
. . , ) = SR e R e R .
................ - - “ - IR s 40.' [ RN T S *Illw
3 ] i 1. 1 [
At T Tt T T K ‘" —
— e e e e e . . . = v o. - PR PO - e B R R R L e o +
.......... 2PN .; L. N N RS DT R AN S A ) , ITTT ]
Eo- -t P T - . . O - PR T AU A S0 (ORI PN (S S X R4 } -
Ly : .
foe -+ : . b - T T SIRSER IR . by L e e a1 & +
f ' d i i
IS -Ju?.n.v.m DD AN n TN SR I (i - w
- . P A~ . P - - —— o S e e «MMA*. —r 44+ - 1 }
- ' H .. - - . . .- . v i I - L.&Ll.}.rﬂu‘\.. et }
R ' . - ' - i PO SR . T TN . P O RS R A N SO e L.
. ) P RS SRS SRV PURRT SHIIN NI S [ 1]
Uﬁv. M _ . 1 T N : N . w4w +,+» - N
v ¥ ¥ vt H ! i Vo
‘ I n - .. .. . - R U T U FUNFS § RN SNSRIy RSN Pkt aaae
. ' .. - _ - O I P . - - [ T R S IR PO
. - - ' - B BT . [T .o [ R I N s T PO
PPYOI= =91 @ (S} avN i i DR B i 0 e
; : . NS PR B
— - - -4 - - e e - it -
I : SV O IR\ (RE P R D LOND | 1) -0 R It {0 g
I .— - N . . . .. P . . . - N es ik
PR IR E N . { . .o - PUNS R TR SN SO |
S . i R . e e ~< e e 4Ll :
. ; ; ; 4 “ i
o , 1 ; Iy , . B O . N
EDE Lo S I 129 81 TR DR U 2o ST TR L B ENC ) I S I
P boeo- S e e . SRR B P . PR LRI rL,wiA.w
O I S I B o P T - PR SRR AN
s w ‘,!ri“;& . . ; " e e} L1y : _. ' f
: - 1 — : :
T T T T O R N e
b e e e e e - g - . .w - Lo &,._ o .qr.“. AR RSP J-F%hx«i‘% -+
R e R e N L Dl Rttt v i Bl S I 1 W A R
e N . . PO JR ! AU 0 PR JRERRUIFUN SRV W ) . { LI s S
T m M , " DR S I S N AR W P T
-
——



- . W e, S R AN ]
SSSEDEE BRESS SIS C A S RN
L T T m O - B I .-
R T e g 1 :
i %S-y.,‘. PN . L .. . . i . .
LTI W BN o
+ o T +
Poooe O P R
. H . _ P - N . -
e R ,.T»v.,N,tiq:-:”.Ju.t.l.l,i-#ll
. . P O !
| : e @ = o i :
- M - ST EREE RIS :
| i1 b '
m : , V “ . " ..... N S
o w SRR BEEERERES . T
. _M ”.. 4 A :
- 1 T R N AR .
i m )\\-.. ' W ...... .
. 2l i N 40346
A W i Ve
d -% vvvvvv “ ........... b— - _-—— e m - ”l -
e O i
- ut . mv - 1 et - e ——t —————— — i [
51z | H !
> < hid N
N e . A il
. Lo A . : T
m . P S
: -2 . L e Pl
D Atae & S '
: e M A
o S I e
. 4 T T T T T T T
i cal u ) . R
; S ! i . .

oo —

SR S R ) |
X e m A P —
j “ :w::f.:;&ﬁw.im“oa.u.d.._ﬁmz.
t e e e ey e e e e e




. N ) , o
- T T T N K 1 1 hd
| S ' 1 ' _ . IO S I
. ' i P T .. . f " (PR A U
i ; , . N ; . i
. f } b oo e e e e e .. [,
. . f . P S S T S
. . b . e AR BN
‘ . ' . .o i 1 R | .
) . | . _ . . | R N
1 4 + 0 . ‘ } t - :v?:.;n - o
e e ee e s e e e s -+ - - L T Rl C RIS SRR TELSEEEREE Rl aadins aclhalh s SR e -t + <“ .
. | . i . . Ay
, ; i ! T
. : . | | - T T E
. ‘ i P - i PR ” -
. e S T T T S R BAPEP - B IR e RO w:ﬂ"
. . ' ) . Sy N e
T . ' . | § - . -~ . RN M.
e : . -t - - — m : L g
i " ' i - .. - . + PN i L IS
A | . R IR
. [ . b . - R tm
. S - s - - N - [ IS T ‘E -
. T BT - - PR - - ||!M\|.Iolsl VUG SN UG SIS SRS < - 4
. S R . B ¢ .
. 1 + ' . - . . -
! [ S A S . + 1 rﬂN..
: A :

1

'/

3175 =0 .
T Qﬁ\./,ﬁum : R N

QIS WHAINW
p

Y o~ T2 1 * L S e el SRR NAN N SR S D I IR B M“.Hz
o ; d . “ . S I R S R0t FEUE ENESE R RS RS SRSty Sudas
Cooweoss @eeag L e e
P . . . . . . - R R pad e o R
N _ W : W D b= P I-P Yo lo B[4 V1TSS NN I IO SN ISR DD IR
H .““,lh‘w..rl.i.l"l.lsllﬁ - . e B AR SRR SR _ Ms .‘4 ..
S C . C : VI LRSS AEEEE SEREE SSESE SESES
BERRERES SEEEE RENRERRI MO ASRILEIT v uz_uxjutx”fﬁ;ﬂ%m“u}wuﬁwﬁ.ﬂy
R AR SRRl S e b b ; PO B B i S R S B W
ol e O REN Uwfﬁﬂ%«.ﬁ“% Y B
- ._Il.. PR b e S e . “ ;” C e «4.«!1“.1”‘ Jw,!ll.m.%¢.‘rw m...c_




. e pemem

"

T T 7 . T
I S w ..... P W [
DS S S Lo LTl
B Y S ! SRR DR
—— —_—— e . - P [ — -
o Lo : .
.......... . w .
, M !
[ m ”
. : | . .
H i " .
J U S e
. 1 P i
7 mrm T - e e e S L w. [ - L} o
‘ : _ D DA U RN DR S O . N .- =
a i - . . mo
. “ - - [ _ v - + . ——-f ¥ -
' ) I
.... - . i [N IS SN IS SRS SR SEPRNY S ..J.....;,...+ uw.
RN ALAMO ARG SO HNS MO [ S S L m
. R R R R i R : gl
LT o o Tl T L. N D U L. AN “1
, . . * ........ ry o . ] .
. , : S N DA 5 N S I R MF
+ v -» 1 +« =g o 1t = 4= o+ = \, ..... ihql“l..'b - - .<,v et
N T T T TR
. | P S Y ‘ NS M m&
. X ) . : e
. | RPN N A L N DR < : | -
A - : i AN -

e R
RhBIX ”w...ﬁﬁﬂ-w..@..._.w_”
|

Qa3 s WRRININ

- .- . e

: [ T N kP .- -y . PN
: \ + b PR
O e

N b R

_ . I PR
s i) 03N | Tl
. ” _ - | SU LSS PERURRIE PERRRES S SEGHS O SRS an Sanes
N : | i T I e DL e e e B e REE R
J SRR S B Ml —+— ;

zoFiZS_A MYY ONIDY .MTKEX.: w __ﬁ.mw H.u&:ﬂw Il
BRSNS B e bl R S

. OkhiNZ

e R SR SO ADRN N SADERD S

VRPN




-4

¢ - R

, SEH

S S N I ] R ) . .Jmu.lu T

AR PN IV RV R R R A A :.“Mf..ﬁ

) ol

= — AR &

_ . ‘ : Lt m“

A I S ) :

| SRR A i S R RSl - Shbas Shtunt §- gu

e SR AR i S O

.~ . | : e I - - ml

_ R Bl e

| | m RO R itz
b L B - R R R R P

_ _ : i} N T : AAISE D

! ” ; S

: h o : : S

B ” R H N e BEEESUETE EETES FERES FETRER T,
| ! | X L e “

R 7 WM B i S T ” w v
H . . e e H [P TN
| CPALh SEG o SERRREESS FRRRUSTS ]
_ : ! ) b ‘ . T T TTT o T
; - . . “ ¥Ih345 woe? WYNOIS | | : L

Plywos ® owang L YRS Hwer WEEE S AT

_ . o _ , U ROLAPB\BASIT MVE DNIRY er:: Lo A

SPIOEISE DT P H T S I Y PO P B L2 EE e MY
......... R Ly - e e P A S e o-

_P..ﬁx” _ ” ! 0% HI z&m S Hﬁ .::ﬁum:.xmx,

R SRR e SOUD S B E T R TR RS S oo PO R eeas Shaa o




|+IT.” . ‘Hr . w toe-koe o0 o
Lo 2 I R O R

I,,Hﬂ. L2 P Pt

I TN SRR

e e e L

I (U

R NG

T
. C .
SH

|- i - ;
1111111 0 P
N . )
......... . ,

. F R j

s e .
e e e e e .

- - .' - ]

.. PR, R ‘

N Soo

T

+

¥
4

+
'
i
f

e e i e

i
—r—r

]

Al W1
1

|
|

145" WNNIINAL

was

T

n

N

N

!
T_.__,,AI.A -t

. v} R
. P .
. e - . e g e : it
3 1 ﬁvq - t S 3
Ve e e e “ . e e e + J e F . PR S Jp— P T = TECIRTENE SR S
....... . N . b e - e e YU SR U S GPO N S SUTEU W RS
R SEEME T SRS J e e
. - . . + .. (R .. ' P . .« . boo Rk o T |
- < . \ﬂ.\ 5 = H e | O SN R 74‘1*.‘4\11!4}]
. .5 ; . . . D i IR IR IR .. P D ~~,. : -
bty
oo o e 1 . . . 3 . i . ... R e meb s _Q.H_HLLI
—_—— t + L
B T T e S S L f . e boee s PR —— I
......... | : : : O DRDRE RRSSu n S uad bl
R ) P T P . - B AEET S B SR N
.............. \ i e e + - . A.a..j!,JJLW.;.vFLl.*ATl
e U SO : -

o e — 4

TINWDZIS TSdY0Y YHDIS

T

N

44{,1|T1+HT+.
LR I S auant LI B

T

RN B Noj N )

s ye=ar L

=z

+ -~

o

NZ|

Ehl|

G\ IHLEQ RV DD Y BN EREEE SR




A

e T ——— e e e e D

BESSRE R X (S EEEES BESEE BESS RS SRS buiry
4 T

T
'
P

[id]

>

e

i
- .
I .

|

0 I ;ﬁ:m

e+ e
-
i
.

—_

..‘_T -y "
%4@ :
N

P T Tt NS

e e e
e
1
o
H
i
i
]
1
{
1
Ll
!
|
i
SRR
f
1
!

ann

- L : . -
| ! : : T T .
..... i - . . D I . D S ]
| } i . “ B N Lot . - U S ub.u’.
fIL Tl j . i P R D AR R A e S HRS
L e - I 1 HON Y Y AN S AT SO U -
. w : m S R PR S BRI EEorE EERENE k- =
M : ‘ AT e N & .”.ﬁnd RO RN SN i 4
H b I“ ..... .M. 4.. . - g - - —_—— - LR AR 25 _—
Mll S BGpTE S b = A i ) DU UN S IO INEPMENS S
} g - e R & i - .I;!‘
‘. - - i [ - . Y P — - .- - EETRVE T
m s 17 =1 R S Iy RS S BN S RASSS S04t Sl Sabd
—— e - TR v e e e e s e - Smeee pEor — e — T = + e o —— + —t T T +
1 i . + . . . - . - - T-1 + det i - 1 -+
. ' . i . _ . . . - 1-4_vl1 P .“-rﬂul._ -
........ i B ' - . . ._.,‘.oﬂ-d,v‘uiwo,m.lr#,.v.
. A . f AR R . - R il R b
- T D : —t—t et
: 4 T S T T ISDNS BN IO IO I
“ . \ .. T B T . . S A
D uc,:_ JA.(& A R S AN A, ””w““u, R D
e s . e e . L B L vty U N W, + -~ o - > 4
. S ; L - m ;.‘i ;+e+ilir4+‘ii_y.
: TINAD3AS T S4UOD (AYN9IS . 133 Sy DR T IR 1 I

{ . - [ . L S T e T L PR

Amm”mﬁ>4oru3>.wu o H .”ﬁ_“iﬁ%@?ﬂﬂ?ﬁgz_uzuumwmmwﬁt“ Sk RN S

..... RSRTRCURS EURREERORt RRSat § ST IR SRS x._yﬁwmq_i_.ﬁmﬁzwq}x

L .. PO . - e . R . e e e e e . [ . - _ [P PR e . PN P PRESIES S B
ST B H e L el . e, VMi' | P, ca b ey e . st o _w
v . F O .. . . e e e P, C e . . . F S I T &= LT TSI S )
e 3 . e e . P @ e e . Y e .. .- - . e e . - . . — - .
: . N . . N . L : i i i

R s

-
S
s
'
f
'
-
i
4
i
[
i
T




T A
- - . S e e s ﬁt et
- IR BRI SO g ey
g. o - R R + —+
. . . i L. boes o=
U U O
- -

.t
.

‘
1
4.

+

124
.
- A.AP-—.»-—,‘—«-..‘._

+
. .+
b f . 1
+ . DI TR S R 4
..... ; ; M
........ B R - - B SETIER SRR }
. : I B F ' - ; vt -
. . R e B e R w e e
' [ R S JOIPY SE [ SR -
P N Y FENUE DS NV -
- i ~-—4 -
t + — + -
- ’ . [ P =5 + g b e o+ xlA +—4
P N U A . ; b e ]
' T . .
S U ) R ; -rlgﬁl!a_,
[ O S . R U
e e R f ﬁ i
” .. ..‘:Av ......... - w
A - . . . . PR R - i
A P T ..
[ - - Ch e - - . n."
B T T S A T . Ch TP S T 1
oy - . . T e .t
- - E - 1 . *v
..... Ceg e , 4.
+ F ? —t
H -4 .- ~ - . - -4 - B O .”,w
B R ' NS it
.. .*. .. . - PR I J dmt -
. 0. . F JPEE S S !
e e B S i dane : bt e }
. . _, - e e . . b B N s +§!«+..'I
H ot . .- 4 - - - Fot-t=t « +-r+ \wr
) .. . b e D a e d
; o1 . , !
1 1
+ + .
. P .
4 c <.
e . !
- .

(345 YD ]

Pt

NN9I5

e

-+

I A

L YO0ILA]N

NSRRI .

V1S \ T MY, |

19Y.

|oeHE

NZ |




-+ 4

P

[ |

.
i

ek

e

..*.,.. .

4
1
!

7] TTT] I ] I
= aga EEEEE
+ —+— t e H+ f-4 =+
| 4 " Loy - 1 A
L ; ; | |
! 2 T . s
: ‘- . ; . Lo
! : o, A B 9= (BN . NERE BT
" 4 g L+ 4 I
M il Fri bl d dibide i
T M B LI T * 1A ’
4 h T.ﬁ; ﬁ .r.w. i M T - |
: 1 Frorge TH; -+ P T :
[ K 4+t b+ n
3 e =+ 4 U S
; — : 7 ,m_ ; T
EOLEE SR SRR B S v %L,
BN Y R o -+ ~1 4 ] :
Wl A.r"%ri H+ +— -+t 44 ..QM‘L..LI
4. I P H b4 T s . }
1 “ .“ ,* «.T J+b I
T T T T T T
i £ 4oy - DS corore + + ER A +
~ IR R AR T o - H i
: AR R I bt ! !
. R A N IH 4 ] "
RS I I (Il i 4 1 T
i =ty L e t i 11
4 hinaiat 2 SRR vt | + - e + i
+ T b . L H++ - = | 4
4 PR l i i ! d I |
+ v “41 = { b t t
. e~ g +— 4 4 g 4 N B H
RIS Il Bt B I e 4 ] i ]
HEEE R ,w.,...r R A“ry : - : | ]
IO S s SR ,LT; L 4 . 4 - - ; =
e . SH + 4 bt - + e “ -
e b €5 v potb b L}TH —+ t
- = et i - : -
R AR A S R u
N - R o et AR Jr* At -
R 1 LT
. “ 44 - - . 4
1 :
+oa

+

 iatnd

+7

H

bk b & 4ty

CEEEREY

QAT IES

1
|

R e e

41

oy o A Eun
st b

e et

ST

+ b
_—

:
+
i

1

i

DN N R

-
v ]
|

-

PR R

id

4 .

L e e b

I
R
+ o+ 4 i
-+
-
e e e
b4 4 e
FR—_
-t et
PO
q .
. ..

e

-1

R

—t

P

B

1

|
T
!
T

O
+
*
t- 4

[




IV - WPPENDIX II

1.0 Keliability oetermirnistion

The remainder of the rrodu-ti n <el, .. .y =, nesrlr Meowo e v L
consist primarily of an evaluation of L profuciioa 1o f e ximltely
transiscors., This lot is manufactured under srringent 1ot - 1" =0 ~cnui’.uns

and incorporates ali o! the product i1usruvements res.iling ‘ror rre suf ==t
2N1430 Engineering Measure.

The most important phase ¢l trne final eva’aatyin 17 . 2% an . clerctec
life test program designed to provide Liuformution refle ‘1 .. Plieci,ve fgiiure
rate of 0,05% per 1000 hours st 25°C, Actuul Lesting w .1 Fe condurted o .

period of 2500 hours, JSumple sizes are determinec in & ~..dance with fhs+ followicng
expression:

n &£ :EfLL e Fsr

-

The above equation and resultant table of unit - hcurs reguired to demon~
strate ) #& C.05%/1000 hours is shown as ejuation (?) and lable 2 of this Appendix.

nesults of the accelerzted life test progran 4ill be based on a minimum
of 60,000 unit hours at the maximum stress and (75,7C unit hours at the minirum
stress.

The comprehensive reliability wrosras plan, in udditior to describing the
behavior of the Bendix 2N1430 transistor at accelerated temperature conditions will
also include an accelerated operating pos=r “ife test program to be run in parallel
with the accelerated temperature tests. The acceleratel power life tests will be
conducted at operating conditions which are calculated to reflect an acceleration
factor of 1.5 times the acceleration factor of hich temperature testing. This
figure is based on engineering investigation which considers bcth the effect of
high current densities and any loculized heating.

It should be noted that the leliability Letermination will be based on
accelerated life tests that are conducted in terms of single levels of acceleration,
i.e., the total sample will be sub.divided into five (5) subgroups and tested in ac-
cordance with acceleration factors calculuted to reflect the objective failure rate
of 0.05% per 1000 hours at 259C., The intent here is to generate parameter information
which is unbiased by the effects of previous stes stress fatigue.

2.0 Data Analysis

The measure of failure rates resulting from the Reliability OJetermination
program will be evaluated at various intervals while the program progresses. A
final determination and report summation will be prepared at the conclusion of all
tests. Implementation of the Reliability Determinatiom will be in accordance with
the statistical techniques described in Paragraphs 5,0 through 6,0 of this Appendix.



IV - APPENDIX II
3,0 Program Plan

Appendix III deacribes the Reliability Determination portion of the 2N1430
Production Enzineering Measure in flow chart form.

4,0 Program Schedule

Appendix IV describes the schedule plan applicable tc the Reliability
Determination Plan,



IV - AFFENDIX II
5.0 Ppailure Rate Study:

To obtain an estimate of failure rates in a reasonable amount of time with
8 reagonable number of units, accelerated life tests shall be applied.

In general, a point-estimate of the failure rate, assuming an exponential
distribution, may be obtained as:

N
n [ 2]
t
where: Az failure rate
MAZ natural logarithm of X
M3 pumber of units on test

k2 npumber of failures
Ts duration of test

A - Q]

A one-sided confidence limit for A 1is:
g d!
In [+ "\'\n-/c,) FuCanse, ;.n-m)]
t

where all symbols have been previously defined except that:

A < @)

Fe \R%t2,2n-24) refers to the F distribution
with oC 2 confidence
Ahti2 degrees of freedom in the numerator
2w-2h2  degrees of freedom in the denominator

The acceleration factors of the failure rate shall be estimated graphically
on semi-logarithmic paper using the general equation:

>\T =C€$ K_S)

where: ?\r. failure rate at temperature T
T * temperature in degree Kelvin
C s a constant, depending on initisl conditions
€ s base of the natural logarithm, = 2.72...
Qs slope

Using equation (3) for a reference temperature R, we find:

“
N = CeRr

from which we can obtain:

C:%: >\K’e

Replacing this value C in equation (3) we arrive at the general equation:

Q)

-3 e sty -l
A=A T eTonnd T Y g
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To obtain the slope, the following manipulation shall be effected:

X = f{i\ ?\n = ?31/\\‘.

T T,
where: e"'\ﬁ t aatural logarithm of X

)

(79

The intercept is obtained by:
C = 7\11 -l

—

where 4\ was obtained in
equation (6)

5.0 Determination of Sample Sizes and Number of Failures Necessary to Demonstrate
_8 Failure Rate:

A. Temperature: In order to estimate the sample sizes and the number of
units failed necessary to demonstrate a failure rate, we shall use data
obtained in a previous accelerated test (See appendix I-C of 3rd Quarterly
Report) in which it was determined that X ®-5050. The objective failure
rate being 0.05% per thousand hours at 25°C, equation (5) now becomes:

N1 =.c00s @ 2°%° % )

N Sxot e.s.os (N-3.3¢) )

\0?
where: = N= T

Based on equation (7) it becomes possible to determine the accelerated
failure rates. This is shown graphically in FigurelI-A, and,in the table
below, calculations are shown for five specific temperatures.

Table 1 - Cnlc\ulntion of accelarated failure rates

. based on Rouation(7) 1 . o
’-l, (2' . 3\ r: S\ (‘3‘\ &‘.,I ‘ @
Toc °K 1/°% x 107 N-=3.36 -5.05 x® 6 5x 1074« Ar
|75 38 2.88 -0.48 2.42 { 11.30  .00565 .565%
199 | 372 2.69 -0.67 3.38 29.50  .014S 1.45%
n27 | 400 2.5 | -0.86 .32 | 76.50  .0382 3.82%
60 | 433 2.3t | -1.0% 5.28 198.0  .099 | 9.9%
200 473 212 | -l.24 :  6.25 . S10.0  .253 125.3%

! | !
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IV - APPENDIX II

To determine the number of unit-hours necessary to dewonstrate a failure
rate with 90% confidence we use equation (2). We calculate ™ as follows:

NN

<
= t
AL g Q/v\i_H- ""*‘-F}
-
At
et
€ ¢ v e F
at
-} & heg
N=-
VOV AN
AR

’}Ll .
AR

the following talble results:
Table - Necessary unit-hours (x 103) at selected

temperatures to demonstrate A<.05%/1000 hours for the allowable
number of failures. Calculated from equatiop (). '

~ Tewperature
75°c | 99°C 127°C 160°c [ 200°C
|0 407 160 61 * *
K 680 271 104 44 *
=12 944 I 143 61 *
(3 1,183 468 | 181 77 *
ol s * * * 93 *
o| 5 * * * 105 45
| 6 * * i * * 53
i 7 * * * * 60

* Not calculated

It is projected to run the tests for 2500 hours. The number of units
necessary, then, may be calculated by taking the unit-hours snd dividing by
the number of hours. This was done, and the following results were obtained:

Table )3 - Numbar of units put on life test for 2500
hours and nuaber of allowable failures to demonstrate A<.05%/1000
hours with 90% confidence.

b {
75% | _9o% [ e b 160 200%C

" 270 108 57 42 24
r 1 1 2 5 7

e

The total number of units placed on accelerated temparature test will therefore
be 3501.
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B. Power: The accelerated power failure rate is obtained in a manner

analogous to that of the temperature. We now need the slope and intercept
of the line given by Equation (3).

The following assumptions are made: given that the case temperature is held at 85°C

1. The failure rate at temperature T whean power is on is 1.5 times
larger than the failure rate at the same temperature when power is off.
2. The thernmal resistance of the cransistor is 1,2°C/W.

From these two assumptions and with the help of Pigurell-A, we calculate
that the failure rate {s 100% at a power of 136 watts; (case at 85°C)
that the failure rate is 2.1% at a power of 20 watts. (case at 85°C)

then: >‘!= CQ%

B8 is Caloulated from the analogous of Equation (6) as:
8 = bade, - b Al fw Lo - fam.onl 3.86
\ { -

= = -90.5
L . Loy -0.0426
£ ¢, 120 le3 3

The intercept is calculated as:

.3

C =lo@ e =45

The accelerated equation for power now becomss:
Q.5
Ae=lase™ ® (@)

This is plotted as Pigure II-B.

Bor practical reasons it is attractive to use the same failure rates (and
thus the ssme sample size and number failed) for the power and the temperature
tests. We shall thereforecalculate from Equation (9) the power requirements

to achieve a certain failure rate so that the results shown in Table 3 may
be used.

From Rquation (9):

“ _ a05/p
* . o
N
O [N\ -~ d05/p
\.QS
+ _ %S5 . (o)
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With the failure rates obtained in column () of Table 1 and the help of

Equation (10) we present Table 4:

Table 4 - Power requirements to meet a given accelerated rate

1) (2) (3) (4)

Ap A1.95 n @ ~90.5/9
.00565 .00290 -5.85 15.4
.0145 .00745 -4.90 18.4
.0382 .0196 -3.93 23.0
.099 .0507 -2.98 30.4
.253 .130 -2.04 64,4

Table 3 is now reproduced for the sake of completenass as Table 5.

Table 5 - Number of units put on life teat for 2500 hours
and number of sllowsble failures to demonstrate X < .05%/1000

hours with 90X confidence.

15.4 watts 18.4 watts 23.0 watts 30.4 watts 4h.b watts
n 270 108 $7 42 24
A 1 1 2 5 1

The number of units placed on sccelerated test will, therefore, be:
501 on temperature and 501 on power for a total of 1002 units.
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